M a n u s c r i p t 8 concentrations were determined by titrating 300, 600 and 900 nM final concentrations and 161 dissociation curves were examined for the presence of a single product. Amplicons were also 162 assessed on 1.5 % native agarose gels. To determine PCR primer efficiencies, qPCR was 163 performed for each primer set using a dilution series (two-fold over 3 orders of magnitude, 164 including working concentration) of pooled cDNA from all S. aureus challenged and non-165 challenged control samples as template. Standard curves were generated and efficiency 166 determined with the formula 10 (-1/slope) -1. Primer efficiency for H3F3A and all significantly 167 differentially expressed genes were considered comparable and within the recommended range 168 for using the 2 -ΔΔCq method (90 to 100% efficiency). 169 170
2.4
Data analysis 171 qPCR data (Cq values) was converted to gene expression fold changes for each sample 172 after normalisation to a reference gene, using the 2 -ΔΔCq (Cq/Ct represents the quantification 173 cycle) method (Schmittgen and Livak, 2008) , and recorded relative to control samples. 174
Determination of a stable reference gene was determined using the geNorm version 3.4 175
Microsoft Excel add-in software package (Vandesompele et al., 2002) . For each tissue region 176 (alveolar, ductal, gland cistern and teat canal) from both S. aureus challenged and non-177 challenged quarters (n=6), and from the LH quarter of non-challenged controls (n=3), seven 178 putative normaliser genes peptidylprolyl isomerase A (PPIA), glyceraldehyde-3-phosphate 179 dehydrogenase (GAPDH), β-actin (ACTB), h3 histone, family 3A (H3F3A), ribosomal protein 180 S6, S9 and S15 (RPS6, RPS9 and RPS15) were tested. The data was then analysed using the 181 geNorm software to generate M stability values for specific comparison between control and S. 182 aureus challenged regions (i.e. alveolar challenged vs alveolar control, ductal challenged vs 183 ductal control, etc). GeNorm generates a gene expression stability measure ("M" value) and then 184 ranks the values in order of decreasing M values which corresponds to increasing mRNAM a n u s c r i p t 9 expression stability. The recommended M value cut-off is 0.5 for homogeneous samples and can 186 be higher for tissue samples. The optimal number of reference genes was then estimated by the 187 pairwise variation "V" between two sequential normalization factors. Before infusion, a full bacteriological examination was carried out on milk samples from 196 all 4 quarters of infused and control cows at several timepoints, and was found to be negative for 197 S. aureus and other major mastitis-causing pathogens. Increased somatic cell count (SCC) from 198 pre-infusion to post-infusion of >2 x 10 6 cells/ml in the absence of clinical signs (swelling, 199 redness, pain in the udder or clots in the milk) was taken as an indication of subclinical mastitis, 200
and was detected in all S. aureus challenged animals. The mean SCC in milk from the LH 201 quarter of non-challenged controls as well as the milk from the non-challenged quarter of 202 challenged cows did not exceed 2 x 10 6 cells/ml. In this study, the mean somatic cell count in 203 milk from S. aureus inoculated LH quarters (n=6) increased from pre-infusion levels of 2.3 x 10 4 204 cells/ml to 6.5 x 10 6 cells/ml by 12 h post-challenge and remained elevated over the 48 h period. 205
The corresponding LH quarters of the non-challenged controls (n=3), did not exceed 2 x 10 6 206 cells/ml over the 48 h period (pre-infusion level of 1.6 x 10 4 cells/ml to 3 x 10 4 cells/ml at 12 h, 207 6.6 x 10 4 cells/ml at 24 h, 2.1 x 10 4 cells/ml at 36 h and 4.4 x 10 4 cells/ml at 48 h post-208 inoculation) (Fig. 2) . 209 210
Selection of stable normaliser gene for qPCR and primer efficiency 211
The expression of seven genes, PPIA, GAPDH, ACTB, H3F3A, RPS6, RPS9 and RPS15, 212 was examined in cDNA from each animal sample, across all four regions (alveolar, ductal, gland 213 cistern and teat canal) of both control and S. aureus inoculated quarters. H3F3A demonstrated 214 the greatest stability throughout for all four tissue regions of the mammary gland (alveolar, M 215 M a n u s c r i p t 11 selected as the most suitable gene for normalisation of qPCR data. In contrast to this, the most 217 variable of the putative normaliser genes was ACTB and GAPDH. 218 219
Selection of control animals for qPCR 220
In a pilot experiment, expression of candidate cytokine, APP and AMP genes was 221 profiled in tissue from S. aureus inoculated quarters (LH) and compared with expression levels 222 in tissue from non-challenged quarters (LF) of challenged cows (Fig. 1) . Large variation in the 223 magnitude of expression was observed relative to control animals, resulting in no statistical 224 significance between the tested comparisons (data not shown). The expression of these candidate 225
immune genes was then profiled in tissue from control quarters and compared with the 226 expression data from control cows. Expression of SAA3, HP, and DEFB5 was significantly 227 induced (data not shown). These results confirmed previous reports that udder quarters are 228 influenced by infection of neighbouring quarters. As a result, it was decided that samples from 229 non-challenged controls should be used for accurate quantification of relative gene expression 230 changes due to S. aureus challenge (Fig. 1) . 231 232
Consistent TLR and NOD gene expression across mammary gland 233
The expression of TLRs 1-10 and NODs 1 and 2 was detected in all four tissue regions 234 from challenged and control quarters (Fig. 3) , with TLR 8 having the least expression in 235 comparison to the other PRRs. Differential expression levels of each PRR were further profiled 236 in the four tissue regions from challenged quarters relative to non-challenged controls 48 h post 237 challenge with S. aureus. TLR1 gene expression was significantly increased in ductal, gland 238 cistern and teat canal tissue from challenged quarters relative to control quarters (6.1-, 6-and 239 4.2-fold respectively, P <0.05; Fig. 4 B, C and D). TLR3 showed a moderate fold increase in teat 240 canal tissue from challenged quarters (2.5-fold, P <0.05; Fig. 4 D) . Similar moderate foldA c c e p t e d M a n u s c r i p t 12 increases were observed for TLR6 and TLR7 in gland cistern tissue from infected animals (3.7-242 and 3.6-fold respectively, P <0.05; Fig. 4 C) . TLR5 and TLR7 was also significantly increased in 243 alveolar tissue from challenged animals (1.8 -and 2.3-fold respectively, P <0.05; Fig. 4 A) . In 244 contrast, the genes encoding TLR4, NOD1 and NOD2 were significantly decreased in teat canal 245 tissue (2.8-and 2.7-and 1.2-fold respectively, P <0.05; Fig. 4 D) , TLR6 in ductal tissue (1.1-fold, 246 P <0.05; Fig. 4 B) and TLR8 in gland cistern tissue (1.9-fold, P <0.05; Fig. 4 C) . TLR2, TLR9, 247 and TLR10 showed no significant differential expression across the four tissue regions 248 (Supplementary table 2) . 249 250
Regional variation in cytokine gene expression 251
Expression of the proinflammatory cytokine IL6 significantly increased in three of the four tissue 252 regions profiled, alveolar, ductal and gland cistern (5.1-, 2.1-and 2.9-fold respectively, P <0.05; 253 (Fig. 2) , and 328 through the induction of proinflammatory cytokines (Fig. 4) ; suggesting that modulation of 329 immune genes is initiated through activation of these baseline expressed PRRs or other receptors. 330
The expression of the proinflammatory cytokines IL1B and TNF were not significantly 331 increased across the mammary gland. A similar proinflammatory cytokine response has been 332 observed with S. aureus strains that caused subclinical infections (Bannerman et 2008; Sutra and Poutrel, 1994). Whereas, E. coli infection usually resolves spontaneously withinM a n u s c r i p t IL6, which regulates the APR through the synthesis of APP (Jensen and Whitehead, 341 1998), was significantly induced in three of the four tissue regions profiled. IFNG, IL17A, and 342 IL8 were also significantly increased. IL8, a major chemokine, was significantly increased in 343 both alveolar and gland cistern tissue, with particularly high induction in alveolar tissue (13-fold) 344 at 48 h post-infection. At 48 h post infection there was an extensive increase in somatic cell 345 infiltration into the mammary gland (Fig. 2) . These cells, which are predominantly neutrophils, 346 are probably a major contributor to the increased levels of IL8 expression ( from leakage from the serum in times of stress or infection (Salonen et al., 1996) . In an earlier 361 analysis of the same animals used in this study, intramammary infection with S. aureus induced 362 both local and a systemic immune responses (Eckersall et al., 2006) . In this study, we confirmed 363 the expression of acute phase genes, SAA3 and HP at the mRNA level reaffirming these findings 364 of the local production of these two major APPs throughout the mammary gland in response to S.M a n u s c r i p t aureus infection. SAA3 and HP genes were particularly highly induced in alveolar tissue 48 h 366 post challenge (Fig. 3 A) , which, with increases of 133-fold and 80-fold respectively were the 367 largest increases of any of the genes examined. Similar regional variation and marked induction 368 of SAA3 and HP in the alveolar region were observed in E. coli infected mammary quarters 369 (Rinaldi et al., 2010) . SAA3 has been shown to have antibacterial activity against E. coli, S. function through inhibiting neutrophil chemotaxis, phagocytosis and bactericidal activity 381 (Rossbacher et al., 1999) . 382
The present study also examined the gene expression of the APP molecules, LPS-binding 383 protein, ceruloplasmin and alpha 1 acid glycoprotein throughout the mammary gland. Induction 384 of the gene encoding LPS-binding protein was observed in all four tissues (Fig. 4) . Increased 385 concentration of LPS-binding protein has been previously reported in milk and serum after intra-386 mammary infection with S. aureus (Bannerman et al., 2004) . Primarily associated with gram-387 negative bacterial infection, LPS-binding protein has been shown to bind to components of 388 gram-positive bacteria cell wall, namely lipoteichoic acid (Schröder et al., 2003) . Ceruloplasmin 389 gene expression was significantly increased in gland cistern and teat canal tissue (Fig. 3 C 
was significantly decreased in expression in the alveolar region alone (54-fold), whereas 393 expression was induced in both ductal and gland cistern tissue (Fig. 3 A, B and C) . Alpha-1 acid 394 glycoproteins has been identified in bovine colostrum and milk and expression of mRNA 395 localised to mammary tissue (Ceciliani et al., 2005) . Immunomodulatory functions have also 396 been demonstrated. In particular, it has been shown to inhibit bovine neutrophil respiratory burst 397 activity while enhancing IL8 production. However, they report that this inhibitory effect did not 398 affect the ability of neutrophils to phagocytosis or kill S. aureus (Rinaldi et al., 2008) . four regions of the mammary gland. However, only DEFB4, DEFB5 and DEFB1 were 406 significantly differently expressed across the mammary gland. DEFB5 demonstrated strong 407 induction in the alveolar (27-fold), ductal (22-fold) and gland cistern tissue (34-fold) (Fig. 3 A, B  408 and C). Similarly high differential expression was detected for DEFB4 in alveolar and gland 409 cistern tissue (Fig. 4 A and C) . A previous study showed that following intramammary infection 410 with S. aureus, expression of DEFB5 was not detected until 84 h post-inoculation (Petzl et al., 411 2008) . S. aureus pathogens have been shown to elicit a much weaker immune defence, in 412
comparison to E. coli (Bannerman et al., 2004; Yang et al., 2008) . Although our result may be in 413 part due to the specific strain used, the time kinetics of the experiment (Fig. 1) A c c e p t e d M a n u s c r i p t M a n u s c r i p t 23 Gillian, E.G., Sarah, O.F., Pat, G.C., Annika, W., Thomas, L.M., Michael, C., Colin, H., 505
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